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Multi-angle Imaging Spectroradiometer
(MISR) aerosol data

MISR

* 9 view angles, 4 spectral bands
* 275 m to |.2 km sampling
* | 6-day repeat coverage

AOD:Aerosol Optical Depth

* Dust, plumes from volcanoes
and fires, pollution
* Estimated from |6x16-pixel area

Goal: analyze large volume of AOD data
to find interesting observations



AQOD over Los Angeles, 2000 - 201 |

4 4-km resolution 03/30/00 17:58 12,288 AOD pixels




Discovery

e Exploration of large data sets

System System
chooses learns
item model

e Desiderata
> Diverse sampling of data set
> Explain why items are selected
> Handle missing values




Diversity: What to select!?

e [tems that differ from those previously
seen

e Singular Value Decomposition

o Approximate model of data set variation

Known items \X — UZVT
> Keep only the top K vectors from U

original data space

component space
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[M. Scholz, 2006]




Diversity: What to select!

e [tems that differ from those previously

Seen

e Singular Value Decomposition

o Approximate model of data set variation

Known items \X — UZVT
o Keep only the top K vectors from U

o Select items in D that are
difficult to represent with model U

e Reconstruction error Mean of X

R(z) = [lz -
~

For x in D

(UUT (z — 1) + )

Reconstruction of x



DEMUD: Discovery through Eigenbasis
Modeling of Uninteresting Data

\

D

Initial ranking of D Select most
by SVD-1 = interesting x in D

reconstruction error Treat x as
/ \ “no longer interesting”

‘ Compute scores for Update model U

all x in D using U to include x

N 4

Remove x from D ]




Updating model U with new X

e Redo SVD from scratch: expensive
e Incrementally update U: fast!

> U depends only on previous U and new x
[Ross et al., 2008]

> Update data mean incrementally

Principal Components
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Explanations: Reconstruction error

Observed data Reconstructed data

Reconstruction error Hgher thar‘lfg‘PeCted MISR RGB data
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DEMUD using zero-filled data

‘ Observed data Reconstructed data

July 10,2008

S, .
Missing due f:
to clouds

Reconstruction error Hgher thar‘lfg‘PeCted MISR RGB data

: P 0.5
s - 30

0.0

-0.5

-1.0
Lower than expected



Dec. 20,2009

DEMUD using zero-filled data

Observed data Reconstructed data

Missing due
to clouds




DEMUD using zero-filled data

9 Observed data Reconstructed data

July 26,2002

Reconstruction error MISR RGB data
¢ P T = Y-

McNally Fire




Zero-fill: bias towards missing values
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But missing data isn’t really an interesting kind of anomaly here



Handling missing values

e SVD cannot operate on NaNs

o Fill with zero!?

° [mpute missing values!? (e.g., kriging)
e Instead, do careful SVD updates using only
the observed values [Brand, 2002]

diag(s) UTC [ diag(s) diag(s) (U, diag(s)) "¢,
0 K - | 0 [les — U, diag(s)(U, diag(s))+c.)|\]

o Also, restrict reconstruction error to
observed values

> Also, only update evolving mean with
observed values



July 10,2008

DEMUD: ignore missing data

Observed data
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B DEMUD: ignore missing data
Qfa Observed data Reconstructed data

1.05 1.05

0.90 0.90
0.75 0.75
Nov. |5, 2008 0.60 0.60
0.45 0.45
0.30 0.30
0.15 0.15
0.00 0.00
Reconstruction error 10 MISR RGB data
0.5
0.0
Map
g X2 0.5
-1.0

Montecito, Sayre, and Freeway fires: 400 houses + 500 mobile homes burned




lgnore missing: bias for good data
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lgnore missing: Increased diversity
|n mterestlng AODs

Zero-fill: selects hlgh AOD +/m|ssmg values
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lgnore missing and only count

positive residuals
R(z) = ||z — (UU" (z — p) + p)|]2
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Good compromise: more observed values,
high AOD residuals (i.e., discovery of high-AOD events)



lgnore+high: High-AOD discovery
° not found by previous two methods

Observed data Reconstructed data
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Aug. 14,2009

Fire?

Reconstruction error MISR RGB data
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Summary

e DEMUD: Scientific discovery in large data sets
° Incremental SVD to model “already seen”
o Diverse selections
> Explanations for selections
> Missing data: only use observed data

e MISR aerosol data study

> Detect fires and other interesting aerosol
events

Contact: kiri.wagstaff@jpl.nasa.gov
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